Amarawhus tricolor half-seedlings show a greater accumulation of betacyanin in response to a defined period of red light if given a pretreatment at an elevated temperature (40 C). Red ight given before the shift to 40 C is ineffective. The maximum response is achieved after a 2-hour shift to 40 C and if the red light is given 1 hour after return to the germination temperature (25 C). The effect on red Ught induction of betacyanin synthesis and on fusicoccin induction by these conditions is similar, whereas the increase in cytokiin-dependent synthesis is greater. Both phytochrome-cytokinin synergism and fusicoccin-cytokiicn synergism are changed in the same manner by this treatment. Phytochrome and fusicoccin responses are inhibited similarly by carbonyl-cyanide-p-trifluoromethoxyphenylhydrazone.
temperature (25 C). The effect on red Ught induction of betacyanin synthesis and on fusicoccin induction by these conditions is similar, whereas the increase in cytokiin-dependent synthesis is greater. Both phytochrome-cytokinin synergism and fusicoccin-cytokiicn synergism are changed in the same manner by this treatment. Phytochrome and fusicoccin responses are inhibited similarly by carbonyl-cyanide-p-trifluoromethoxyphenylhydrazone.
If the seedlings are again returned to 40 C after the 25 C shift there is an inhibition of betacyanin synthesis. The interpretation of these results is that a shift to 40 C induces the formation of some component necessary for the fuil expression of phytochrome potential, that for the maximum formation or action of this component it is necessary for the seedlfings to spend I to 2 hours at a lower temperature (for example 25 C) before red lght is given and that for the subsequent processes in betacyanin synthesis an elevated temperature is inhibitory.
Betacyanin2 synthesis in Amaranthus tricolor seedlings can be induced by either cytokinins in the dark or by the phytochrome system (see 1 for refs.). Both experimental systems are regulated by K+ plus Na+ ions (2) . In both systems the percentage increase in response is greater in half-seedlings (cotyledons plus top 5-mm hypocotyl) than in whole seedlings (1, 2 minated in the dark for 96 h at 25 C or 46 h at 37 C as previously described (1) . Details of temperature treatments are given in the appropriate legends. Induction of half-seedlings was carried out in 10 mm NaH2PO4-K2HPO4 buffer (pH 6.8) containing 5 mM tyrosine, the inducer being either 0.5 ,UM BA, 0.5 ,lM FC, or a defined period of RL at an incident energy of 7.3 x 10-6 E m-2 s-' (LI-COR quantum sensor model 185-A). After induction for 24 h at 25 C, betacyanin was extracted and measured as previously described (1) .
RESULTS
The time course of the effect of an elevated temperature (40 C) on RL induction of betacyanin synthesis in A. tricolor is shown in Figure 1 . The response is the amount of betacyanin accumulated under standard conditions at 25 C in 24 h from the beginning of the time of RL exposure. Given a defined irradiance for either 10 or 30 min immediately following the heat treatment, half-seedlings show a maximum response following a 2-h heat treatment (-) . If Using the same preinduction treatments as in Figure 1 , the amount of betacyanin formed in response to various periods of irradiation with RL is seen in Figure 2 . Other workers (5, 8, 9) have shown that both a "low energy," red/far red reversible, phytochrome system and a "high energy" reaction, at least partly under phytochrome control, are involved in stimulation of betacyanin synthesis by light. By comparison with such data, it may be presumed that the 10-min RL dose in Figure 2 is eliciting the low energy phytochrome response. All subsequent experiments use this 10-min RL treatment.
The effect of short periods of elevated temperature can be obtained whether the seedlings are exposed to the temperature while still on the germination pad (experiments in this paper) or during an "aging" process of half-seedlings in distilled H20 or during the time half-seedlings are in induction medium (results not shown).
As with BA-dependent synthesis (3), RL gives rise to greater accumulation of betacyanin in seedlings grown at 37 C for 46 h (Table II) than in those grown at 25 C for 96 h ( Fig. 1) even after treatment at an elevated temperature. In addition, Table II shows that the effect of RL is rather less marked given to the whole seedlings while still on the germination pad than when given to half-seedlings already in the induction medium. The latter method is employed in other experiments reported in this paper.
A companson of the effect of elevated temperature on betacyanin induction as it is regulated by RL, cytokinin, and FC is seen Germination, 25 C for 96 h. Heat treatment (40 C) was given to whole seedlings on germination pad for varying times before half-seedlings were pinched off directly into induction medium at 25 C, either immediately after the 40 C treatment ( ) or after a further 1-h period at 25 C in all cases (---). RL was applied to half-seedlings immediately after pinching off into induction media, and 24-h induction at 25 C counted from beginning of time of application of RL.
in Table III . BA-dependent induction shows a greater per cent increase due to 40 C treatment than that of the other two agents. The synergisms between BA and RL and between BA and FC (Table IV) are both reduced by 40 C treatment. RL-and FCdependent syntheses are also strikingly similar in their response to FCCP (Table V) , in both cases the synergism being increased by the uncoupler.
Thus far in this paper the effect of pretreatment at an elevated temperature on development of an increased potential for subsequent RL induction has been examined. In Table VI the other temperature-sensitive process in this system is displayed, that is the inhibition of betacyanin synthesis if a high temperature is maintained during induction. Growth is not inhibited under these conditions (Table VI) , and the seedlings will subsequently form betacyanin when returned to 25 C after 24 h at 40 C (data not shown).
DISCUSSION
The effect of a short period at an elevated temperature (40 C) on subsequent phytochrome-dependent induction of betacyanin synthesis at 25 C is similar to that previously reported for cytokinin-dependent induction (3). Increased response is also seen when seeds are germinated at 37 C instead of 25 C prior to induction. The need for time at 25 C following heat treatment and before application of RL indicates that development of some factor induced at 40 C is necessary for maximum response to RL and that for this development a shift to a lower temperature is necessary since further time at 40 C (i.e. the difference between 1 and 2 h in Fig. 1 , *-*) does not cause the same increase. The ineffectiveness of RL given prior to the 40 C shift may be due to decay of Pfr before development of the factor necessary for maximum response.
Using a different system (germination in Amaranthus retro- 'Seedling treatment and other experimental details were as in Table   III . b BA/RL or BA/FC synergism was calculated after the appropriate controls were subtracted. Per cent increase in synergism was then calcu- The similarity of the effect of pretreatment at 40 C on phytochrome-and FC-dependent responses and on phytochrome/BA and FC/BA synergism is noteworthy, as is the effect of FCCP on these parameters. These results suggest that the hypothesis used to explain FC/cytokinin interaction (4) may be extended to explain phytochrome/cytokinin interaction. Briefly, this hypothesis is that while both FC and BA have selective effects on K' transport, BA has an additional role. The evidence linking cytokinin and phytochrome action with K+ uptake has already been discussed (2) . The increased potential for RL induction following a shift to an elevated temperature could be due to an increased capacity for K+ transport. If so, the need for a period at 25 C following the 40 C shift before RL can be maximally effective may be the time needed for synthesis of some component of this K+ transport system. Alternatively, the temperature shift may be involved in increasing the supply of endogenous cytokinin either by increased synthesis or decreased catabolism. The increase in endogenous betacyanin synthesis could be explained by either of these alternatives. The capacity for cytokinin-autotrophy in some tobacco tissues at 26 C but not at 16 C (10) may be a related phenomenon. Direct experiments on these points are contemplated.
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